Chronic subdural hematoma (CSDH) and symptomatic subdural hygroma are common diseases that require neurosurgical management. Burr hole trephination is the most popular surgical treatment for CSDH and subdural hygroma because of a low recurrence rate and low morbidity compared with craniotomy with membranectomy, and twist-drill craniotomy. Many reports suggest that placing a catheter in the subdural space for drainage can further reduce the rate of recurrence; however, complications associated with this type of drainage include acute subdural hematoma, cortical injury, and infection. Remote hemorrhage due to overdrainage of cerebrospinal fluid (CSF) is another possible complication of burr hole trephination with catheter drainage that has rarely been reported. Here, we present 2 cases of remote hemorrhages following burr hole trephination with catheter drainage for the treatment of CSDH and symptomatic subdural hygroma. One patient developed intracerebral hemorrhage and subarachnoid hemorrhage in the contralateral hemisphere, while another patient developed remote hemorrhage 3 days after the procedure due to the sudden drainage of a large amount of subdural fluid over a 24-hour period. These findings suggest that catheter drainage should be carefully monitored to avoid overdrainage of CSF after burr hole trephination. KEY WORDS: Burr-hole trephination ㆍCatheter drainageㆍChronic subdural hematoma ㆍCSF overdrainage ㆍ Remote hemorrhage ㆍSymptomatic subdural hygroma .
Introduction
Chronic subdural hematoma (CSDH) and subdural hygroma are frequently encountered in neurosurgery, and are especially prevalent among elderly individuals. Surgical evacuation is the most common treatment approach for symptomatic patients and usually produces significant neurological improvements. 2, 4) Three techniques are typically used for the surgical evacuation: craniotomy, burr hole trephination, and twist-drill trephination. 16) Among these, burr hole trephination is the most popular technique due to its association with a low rate of recurrence and low patient morbidity. 2, 9, 13) Although controversial, several studies suggest that the use of a catheter for drainage further decreases the rate of recurrence after burr hole trephination. 12) Accordingly, burr hole trephination with catheter drainage is a popular approach for the treatment of CSDH and symptomatic subdural hygroma. However, catheter drainage is also associated with complications such as acute subdural hematoma, tension pneumocephalus, and infection. 10, 17) Here, we present two rare cases of remote hemorrhages associated with catheter overdrainage after the surgical treatment of CSDH and subdural hygroma.
Case Report
Case 1 A 53-year-old female patient presented to our emergency room with subarachnoid hemorrhage (SAH) and intracerebral hemorrhage (ICH) after undergoing burr hole trephination and catheter drainage at a local hospital. She did not exhibit any neurologic deficits and only complained of severe headache. Upon reviewing her transfer request, we discovered that she had experienced progressive headache, transient motor weakness, and mild dysarthria for a month. Preoperative neuroimaging assessments with magnetic resonance (MRI) and angiography (MRA) revealed no abnormalities other than a subdural hygroma with arachnoid cyst (Figure 1 ). The local hospital was unable to find any other cause for the mild dysarthria and transient motor weakness; therefore, they determined that the subdural hygroma was the cause of the patient's symptoms. She underwent evacuation of the subdural hygroma through burr hole trephination. A subdual drainage catheter (12 Fr round catheter) was placed in the subdural space, but only 130 cc of cerebrospinal fluid (CSF) was drained over a 24-hour period and the headache persisted postoperatively and became more severe. An emergency brain computed tomography (CT) scan revealed a newly developed ICH and SAH in the contralateral hemisphere and SAH in the ipsilateral hemisphere ( Figure 2) . Thereafter, the local hospital transferred the patient to our emergency room for evaluation and treatment of the remote hemorrhage.
No other causes of remote hemorrhage in the contralateral hemisphere (e.g., vascular abnormalities) were identified upon reviewing the findings of the previous brain MRA examination ( Figure 3 . During the operation, the patient's condition was stable and blood pressure (BP) was within the normal limits. Therefore, the remote hemorrhage was suspected to be related to CSF overdrainage through the subdural drain after the burr hole trephination. We closed the subdural catheter and the patient's headache gradually subsided. Follow-up brain CT scans were performed 5 and 14 days after the catheter closure. SAH and ICH had resolved and the subdural space was refilled with CSF. One month later, the patient returned to a normal daily life.
Case 2
A 78-year-old female patient presented to our outpatient department with complaints of progressive general weakness and cognitive impairment that began a month ago. She was diagnosed with mild dementia and was admitted to a convalescence hospital but was not prescribed any medications. Despite the patient's ability to self-care at the onset of symptoms, she was unable to take care of herself or walk at the outpatient visit. Brain CT revealed bilateral subdural hygroma or bilateral CSDH with the loss of sulci markings on the cerebral hemispheres. Brain atrophy was 
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also observed (Figure 4 ). Considering the rapid progression of symptoms, surgery was performed to treat the bilateral lesions. CSDH can often be misdiagnosed as a subdural hygroma on brain CT. However it was thought be SDH due to reddish brown fluid with clots in the operation filed. The patient underwent evacuation through 2 burr holes (one at each parietal eminence) and catheters were placed into the subdural space through both the holes to prevent further blood accumulation. The vital signs, including BP, were normal during surgery. The patient showed improvements in cognitive and motor functions postoperatively. There was no catheter drainage on the first two days postoperatively; however, 400 cc of subdural fluid with CSF and blood was drained from the right side drainage catheter over a 24-hour period on postoperative day 3. The patient did not exhibit any changes in the neurologic symptoms, but complained of intermittent headache. An emergency brain CT scan revealed a newly developed hemorrhage in the right subdural space and a small amount of intraventricular hemorrhage ( Figure 5 ). CSF overdrainage was considered a possible cause of the remote hemorrhage; therefore, we removed the drainage catheters. When we reviewed the previous images, suspected arachnoid cysts were observed in the right temporal lobe (Figure 4) . One month after the surgery, a follow-up CT scan showed absorption of the hemorrhage and the area where the suspicion of the arachnoid cyst was disappeared.
Discussion
Remote hemorrhage, especially remote cerebellar hemorrhage, is a well-known postoperative complication characterized by spontaneous bleeding in the posterior fossa following supratentorial surgeries such as an aneurysm clipping, tumor resection, and lobectomies for epilepsy. RCH after supratentorial procedure has an incidence of approximately 0.08% to 0.6%. 15) However remote hemorrhage after burr hole evacuation and drainage of CSDH or subdural hygroma such as in these cases is very rare, and it is extremely rarely reported.
14)
The pathophysiology of remote hemorrhage remains unclear. Most authors agree on a multifactorial etiology of re- 
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mote hemorrhage including excessive CSF leakage, episodes of arterial hypertension, impaired venous drainage, and coagulation abnormalities. 11) Excessive CSF leakage may cause a shift in the brain parenchyma, thus, resulting in tearing and stretching of these bridging veins. Furthermore, possible mechanisms include a sudden increase in cerebral blood flow combined with failed autoregulation and damage to the parenchymal vessels secondary to the intraoperative or postoperative shifting of intracranial contents. 3, 7) Cohen-Gadol 3) reported a case similar to these cases and suggested that intracranial hypotension was caused by the rapid shifting of CSF due to CSF overdrainage, and that remote hemorrhage may occur due to tension in the bridging veins or collapse of the contralateral hemisphere. Similarly, Ogasawara et al. 7) reported that impaired vascular autoregulation was the result of long-term brain compression due to CSDH. Rapid decreases in intracranial pressure and subsequent hemodynamic changes can lead to hyperperfusion and cortical hyperemia. Our cases is a case of remote hemorrhage after burr hole trephination with catheter drainage in CSDH or symptomatic subdural hygroma with arachnoid cyst. Arachnoid cyst is a well-known predisposing factor for CSDH following mild head trauma. 1, 5, 8, 14) Indeed, various studies have reported the incidence of CSDH in patients with arachnoid cysts; Mori et al. 6) reported a rate of 2.2% (12/541 cases).
However burr hole trephination with catheter drainage as a treatment for CSDH with arachnoid cyst has not been reported for remote hemorrhage. Adding to this knowledge, our results showed that CSF overdrainage after burr hole trephination with catheter drainage in CSDH or symptomatic subdural hygroma with arachnoid cyst should be avoided to prevent remote hemorrhage.
Conclusion
In conclusion, burr hole trephination with catheter drainage is a popular procedure for the treatment of CSDH and symptomatic subdural hygroma that is rarely associated with remote hemorrhage. While the cause of remote hemorrhage was unclear in our two cases, CSF overdrainage should be considered as a possible cause. Conclusively, CSF overdrainage should be carefully avoided after catheter placement.
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